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Abstract: Wireless sensor networks (WSNs) supports wide range of applications such as health and environment monitoring, imaging, tracking,
and biomedical research. Hence they can be useful in a number of situations. Wireless sensor networks sense some physical scenario and
propagate the sensed data to the base station with the help of intermediate nodes. Area coverage is an important issue in these networks. The
objective of complete area coverage is to find out redundant nodes and deactivate them, so that the remaining active nodes can cover the
deployed area. Among the various existing approaches for area coverage in WSN, a grid based approach has been proposed that provides a better
way to select the active nodes or deactivate the redundant nodes from the grid rather than choosing the nodes from the deployed area. The
existing approach goes with certain limitations such as how many numbers of grids need to be made in a certain deployed area with a certain
number of nodes and how much percentage of nodes need to be selected from each grid. Our proposed protocol outperforms the existing grid

based protocol with respect to energy saving, network lifetime and End to End delay.
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l. INTRODUCTION

A Wireless Sensor Network is a buildup of sensor nodes
with restricted power supply and limited computational and
transmission capacity. Because of the restricted transmission
and computational capacity, and high density of sensor nodes,
sending of information packets happens in multi-hop fashion
[1]. Hence routing of packets in wireless sensor networks has
been a critical territory of research in the previous couple of
years. The sensor nodes run on non-rechargeable batteries with
limited power, so along with efficient routing the network there
should be energy efficient routing with efficient utilization of
the resources and hence this is an important research concern
[2].

Designing suitable routing algorithms for different
applications, fulfilling the different performance demands has
been considered as an important issue in wireless sensor
networks. In this context many routing algorithms have been
proposed to enhance the execution requests of different
applications through the system layer of the wireless sensor
systems convention stack [3] [4], but most of them are based on
single-path routing.

In single-path routing approach basically source selects a
single path which satisfies the performance demands of the
application for transmitting the load towards the sink. Though
the single path between the source and sink can be developed
with  minimum computation complexity and resource
utilization, the other factors such as the limited capacity of
single path reduces the available throughput [5]. Furthermore,
considering the problematic wireless connections single way
routing is not adaptable to connection disappointments,
corrupting the system performance. Finding an alternate path
after the primary path has disrupted to continue the data
transmission will cause an extra overhead and increase delay in
data delivery.

© 2015-19, NARCS All Rights Reserved

| = Sensor Modes

Figure 1: Architecture of Wireless Sensors Network

The wireless sensor network is the combination of various
sensing nodes which transfer their sensed data to a sink node
which in turn is used by the user to evaluate various parameters
which are require for the study of the system under
consideration.

Sensing unit: it is composed of collection of different types
of sensor which are needed for measurement of different
phenomenon of the physical environment. Sensors are selected
based on its application. Sensor output is electric signal which
is analog. So, analog-to-digital converter (ADC) is used to
transform the signal to digital to communicate with the
microcontroller.

Processing unit: it consists of a processor (microcontroller)
and storage (RAM). In addition it has operating systems as well
as timer. The responsibility of the processing unit includes
collecting data from various sources than processing and
storing. Timer is used to do the sequencing for the sequence.

Communication unit: it uses a transceiver which consists of
a transmitter as well as a receiver. The communication is
performed through the communication channels by using the
network protocol. Based on the application requirements and
relevance in order to communicate it normally uses suitable
method such as radio, infrared or optical communication.

Power unit: the task of the power unit is to provide the
energy to the sensor node for monitoring the environment at a
low cost and less time. The life of the sensor depends on the
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battery or power generator which is connected to the power
unit. Power unit is required for the efficient use of the battery.

Sensing Unit Processing Unit

Figure 2: Structure of a sensor node
Il.  LITERATURE SURVEY

There are a number of challenges and issues which needs to
be tackled while setting up a wireless sensor network. An
important issue among them is area coverage along with energy
efficiency. Since the sensors are usually powered by a battery
with limited power hence energy efficiency should also be kept
in mind while designing an area coverage algorithm for them.
The major objectives of any coverage approach is to keep the
whole network up for as long as possible and using minimum
resources for keeping the networking up and in working state.
There are mainly three types of coverage approaches namely,
point coverage, path coverage and area coverage. Further to
achieve full area coverage there are three types of approaches
namely, Force Based, Computational Geometry Based and
Grid Based.

A. Force Based Approach: This type of coverage
approaches mainly rely on the mobility of the sensors,
their attractive and repulsive forces to attain full area
coverage in the network. The sensors are deployed in the
region of interest and the sensors the move away or
move towards each other due to repulsive and attractive
forces. The sensors keep on moving until they attain an
equilibrium state [6].

B. Grid Based Approach: In this approach the whole region
of interest is divided into a number of grids. Each grid
can contain one or more number of sensor nodes. Then
the coverage algorithm is designed so as to keep the
communication going between the grids. Virtual force
algorithms are used for movement of sensor nodes
between grids if required. Before actually moving the
sensor node, simulation of the movement is done and
checked only after that the physical movement is done

[7].

Square Lattice

Hexagonal Lattice

Figure 3: Types of Grids
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C. Computational Geometry Based: Mainly there are two
types of Computational Geometry Based approaches
namely, Voronoi Approach and Delaunay triangulation. In
Voronoi approach each sensor acts a voronoi site. This
approach uses a voronoi polygon such that all its vertices
are covered by a sensor node [8]. Basically, in voronoi
polygon approach, polygons are drawn where the sensing
area of nodes touches each other as shown in the figure 4
and based on the edges of these polygons the coverage is
determined between any two points in the coverage area
[9]. In case of Delaunay Triangulation all the sensor nodes
whose sensing area (Voronoi Polygons share same edge)
touches each other are connected to each other as shown in
the figure below. If all voronoi vertices and intersection
points of a node are covered by its neighbors then that
node is said to be redundant, S, is redundant node in the
diagram shown below.

Voronoi Edge

Figure 4: Finding redundant node using VVoronoi
approach

Coverage problem in majority of WSNs, is caused due to
the following reasons:

1. Region of interest doesn’t contains enough humber
of sensor nodes.

2. Deployment of the sensor nodes is random.

3. Sensing range of the deployed sensors.

As we know that the sensors are powered by limited battery
thus there can be cases when sensor nodes can run out of
battery therefore resulting in inadequate sensors which might
not be able to fully cover the Region of interest [10]. Also the
sensing range of the deployed sensors is limited, thus there can
be cases when the sensor might not be able to sense the
physical activity it was designed for. Of course this can be
resolved by increasing the sensing range of the sensor nodes
but at the same time this increases per unit cost for the sensors.
Increasing the sensing range of the sensors also results in
increase in power consumption by the node which in turn will
reduce the lifetime of the network. Thus all the above issues
should be kept in mind while designing a coverage algorithm of
the WSNs [11] [12].

I11. PROPOSED APPROACH FOR AREA COVERAGE

In our proposed approach we consider that the whole region of
interest is divided into a number of grids which can be of
variable size and each grid can have one or more number of
sensors. Now our approach tries to minimize the number of
active sensor nodes in a grid as less as possible while keeping
the whole area coverage intact. As we know, the less, the
number of active nodes, less will be the overall energy
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utilization in the wireless sensor network. Let us consider the
network as shown in figure below.

Figure 5: Area Coverage by sensor nodes
The Region of Interest is first of all divided into a number of
grids using the following approach.

1. Consider the whole ROI as a single grid in the
beginning.

2. Divide the grid into four equal sized grids if the
diagonal of the grid is greater than the sensing radius
of the node.

3. Repeat the following step until no grid is having
number of nodes greater than a predefined threshold
value

The threshold value is calculated as
Let us consider that the Region of Interest is rectangular in
shape having length ‘X’ and width “Y’. Let the sensor nodes
be randomly distributed and the number of sensor nodes in the
grid be ‘N’. Then the threshold value (T) can be calculate as
T=(X*Y)/puN
Now the sensing radius should also be taken into consideration
while selecting the Threshold value. Let ‘S;’ be the average
sensing zone of each node. Then
H=S8z=(XSi)/N
Then the threshold value can be updated as-
T =(X*Y)/ (N*Sz)
The girds can be of similar size or variable size. The size of
the grids are chosen on the basis of sensing range of the sensor
nodes. After the grids are created, then the number of sensor
nodes in each grid are calculated and then the following
algorithm is applied in each grid. The grid will have three type
of nodes
i Active - These type of nodes will participate in
monitoring the area under the current grid.

ii. Non-active - These type of node will be kept off in
order to save energy in the network.

iii. Redundant - These are the nodes which are active but
are redundant that is the whole area is still covered by
the remaining active nodes even if they become Non-
active.

Initially the list of active nodes is empty.
Algorithm for selecting the active nodes in each grid

1. Calculate the energy of each Non-active node present
in the grid.

2. Select top ‘i’ number of nodes having maximum
energy such that i < No. of nodes in the Grid

3. Find the queue length, g; on each of the selected ‘i’
nodes in the grid.

4. Select the node j, having least queue length g;as the
active node.

5. Add node j to the list of active nodes.

6. Check if whole grid is covered by the active node(s).
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a. If whole area of grid is not covered by the by
the active nodes go to Step 1.
b. If whole are of grid is covered by the active
nodes the go to step 7.
7. Remove the redundant nodes from the list of active
nodes in the grid.
8. Put all the remaining nodes in the Non-active list into
the sleep mode.
In order to maximize the lifetime of the sensor network the
algorithm should be run as soon as the area under
consideration is disconnected. Redundancy check after each
iteration can be time consuming as well as energy consuming.
So it can be costly to run the redundancy check after each
iteration of the algorithm. Thus in order to overcome this
problem the redundancy check should be done only after the
whole area under consideration is covered by the active nodes.

IV. RESULTSEVALUATION

The performance of the protocol proposed, is studied by
using the network simulator (NS2). The scenario used for the
analysis is as shown in the figure. The tests have been done by
varying the deployment area, no. of nodes and results are
calculated. The simulation environment was set up in network
simulator (NS2), nodes were randomly distributed in the
deployment area. A screenshot of the simulation is shown in
the figure 6.
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Figure 6: Simulation of Wireless Sensor Network with 100
nodes
Figure 7 shows the number of active nodes with respect to
the number of grids in the wireless sensor network. We can see
that the number of active nodes in the network increases as the
number of grids increases. The number of active nodes also
increases with the increase in the network area.

386



Rajat Sethi, International Journal of Advanced Research in Computer Science, 9 (1), Jan-Feb 2018,384-388

& 20 * 20 Meter Area
o 40 * 40 Meter area

35
30 a A -
25 ] ’ ’ Mumber of Nodes = 500
] A — A y
= 204 [ ] - .- .
] - - = -
E=l T T T T T
£ 2+2 44 66 88 10°10
~:-35-
1 'y
5 304 i e
2 25 4 . ; Number of Nodes = 400
] A - — & -
]
> 204 [ ] P .-
o T T 0 T T
= 22 44 6'6 8*8 10*10
5 50
S 40 Ao
- B ]
= 4 - _ 'y
30 | ~h— -
20 — " Humber of Nodes = 300
10 - ™ s umber ol es =
T T T T T
22 44 6'6 8*8 10°10

No. of grids (number)

Figure 7: Number of active nodes in grids with respect to
the number of grids

Figure 8 shows the number of redundant nodes in the
network compared to the number of nodes in the network. We
can see from the graph that as the number of nodes increases
the number of redundant nodes also increase our proposed
protocol has more redundant nodes initially but as the number
of nodes increase our proposed has less number of redundant
nodes as compared to the existing grid based approach.
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Figure 8: Number of redundant nodes with respect to
number of nodes in the network

Figure 9 shows time consumed for setting up the network
with respect to the deployment area. As shown in the graph, as
the deployment area increases, the time consumed also
increases. Still our proposed protocol works better and
consumes less time as compared to the traditional grid based
approach.
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Figure 9: Time consumed with respect to the Deployment
area.

Figure 10 shows the comparison of the number of active
nodes with the deployment area. We can see that as the
deployment area increases the number of active nodes also
increase. As we can see from the graph that our proposed
protocol has less number of active nodes as compared to
traditional grid based approach.

Figure 11 shows the comparison of the network lifetime
with respect to the deployment area. We can see that our
proposed protocol has better network lifetime as compared with
the deployment area.

Figure 12 shows the comparison of the end to end delay
with respect to the number of nodes in the network. As evident
from the graph our proposed protocol has better end to end
delay as compared to the traditional grid based approach. As
the number of nodes increases the delay first increases then
decreases.
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Figure 10: Number of active nodes in the network with
respect to Deployment area.
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Figure 12: End to End Delay with respect to the number of
nodes.

V. CONCLUSION

This paper provides a proposed grid based approach for
complete area coverage in wireless sensor networks. In this
approach, the whole region of interest is divided into a number
of grids that can be of variable size. Then one or more active
nodes are chosen from each grid which help in communication
between different grids thus keeping whole area under
communication. The proposed protocol also uses voronoi
approach to deactivate redundant nodes in the network thus
saving energy and at the same time providing efficient area
coverage.
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